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Various  bovine infections  characterized  by  a  pyelonephrifis  have 
been recognized in Europe. 
Guillebeaut  described  a  condition  of such  nature  in  1888,  and  several  have 
since reported diseases affecting the pelvis of the kidney.  We would infer from 
the  literature  that  renal  diseases  among cattle  are  widespread  in  Continental 
Europe.  A  number  of etiological agents have  been  recognized,  HSflich  2 and 
Enderlen  ~  both cultivated from the affected kidneys of a few cases a Gram-positive 
diphtheroid which Enderlen names B. pyelonephritis bourn.  Ernst, 4 who studied 
the kidney lesions  from a  series  of cases,  encountered  a  similar  organism in a 
certain number; while from others he obtained B. pyogenes and B. coli.  Owing 
to the difficulty encountered in reproducing the disease in cows with organisms 
similar to those isolated by H~flich and Enderlen,  considerable confusion seems 
to have arisen.  Ernst,  from certain experimental  observations,  even  questions 
the  etiological  relationship  of  the  diphtheroid  to  the  processes  encountered. 
Joest,  5 however,  considers  pyelonephritis  a  specific  infectious  disease  of  cattle 
and calls attention to the fact that there is no disease having a similar etiology and 
pathology. 
We are not aware that  diseases of this nature  have been reported 
in this country. 
The Appearance of Pyelonephrilis in New Jersey. 
In  October,  1924,  our attention  was called to  a  cow affected with 
nephritis.  At the owner's request the cow was autopsied.  Lesions of 
x Guillebean, Schwdz.  Arch. Tierkeilk.,  1890, xxxii,  224. 
2 HiSflich, D., Monatsh. prakt. Tierheilk., 1891, ii, 337. 
3 Enderlen,  D., Z. Tiermed., 1890-91, xvii, 325. 
4 Ernst, W., Centr. Bakt., 1.  Abt., Orig., 1905, xxxix, 549. 
6 Joest,  E.,  SpezieUe pathologische Anatomie der Haustiere,  Berlin,  1924,  iii. 
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pyelonephritis were noted,  and a  diphtheroid was isolated from the 
kidney.  A  more detailed report  of the pathological findings will be 
given later.  It was possible to obtain a relatively complete history of 
importations into this herd during the past few years, and in addition, 
a  record had been kept of the deaths and the autopsy findings.  In 
November,  1922,  a  number  of cows  were  purchased  in  the  Middle 
West.  The first loss from nephritis occurred in April, 1923.  Another 
cow died in May, 1923.  During 1924 two cows died of the disease, one 
in July and the other in August.  We autopsied a  severe  case  (No. 
1132,)  on  October  27,  1924.  Since  then  other  cases  have  been 
recognized. 
A larger herd in which the practice is to introduce a large number of 
cows each year has been under observation by various members of the 
staff for a  considerable period.  Infections of the kidney were known 
to exist; in two instances  ~ in which bacteriological examinations had 
been made Bacillus pyogenes  was obtained.  Inasmuch as there had 
been several importations during 1922  from the same district as  that 
referred to in the smaller herd, search was instituted for such infections 
in  the larger  herdJ  On  November  9,  1924,  a  cow  (No.  1138)  was 
found dead.  Bacteriological examination of [he kidneys revealed an 
organism similar to that obtained from the case mentioned.  Between 
November,  1924,  and May,  1925,  twenty such infections  have  been 
recognized.  Since  certain  cases  illustrate  points  to  be  considered 
further on the protocols of a  number will be given. 
No.  1132.--A Holstein cow, one  of the smaller  herd referred  to, had been 
purchased in the Middle West in 1922.  It had given birth to a calf in August, 
1923.  On Oct. 20, 1924, the milk flow suddenly lessened.  On Oct. 27, the cow 
was  examined.  Unthriftiness  was noticed.  The  temperature was  102  °.  The 
appetite was good and the feces normal.  Weakness was pronounced.  The pulse 
and respiratory rate were normal.  A little turbid urine was obtained.  The cow 
was slaughtered and autopsied at once. 
The lesions were confined to the urinary apparatus.  Both kidneys were en- 
larged.  The cortex of the right kidney was clay color.  The consistency was firm 
and tough.  Scattered over the surface were many irregular, slightly raised, gray 
patches.  They varied in size from barely visible points to patches which occupied 
0 We are indebted to Dr. Theobald Smith for these data. 
Since the data have been gathered together the disease has been encountered 
in a third herd. ~'.  S.  JONES  AND  RALPH B.  LITTLE 
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practically a whole lobe.  The capsule was adherent over such areas.  On section 
the processes frequently extended through the cortex and into the medulla.  The 
medulla was bright red except in the portions where the gray patches had extended 
from the cortex.  The pelvic space was dilated and filled with a greenish yellow 
purulent exudate.  The left kidney presented similar lesions.  Both  ureters  were 
increased  in diameter.  The left measured 2  cm. in diameter.  The walls were 
thickened  and  the  mucosa  congested.  An  exudate  similar  to  that  observed 
in  the kidney pelvis was present  in  the ureters.  The bladder  was contracted. 
It  contained  200  cc.  of turbid  urine.  The  walls  were  extremely  thick.  The 
mucous membrane was partially covered with an adherent, rough, grayish white 
exudate.  The urethra  presented  no gross lesions.  The uterus  was apparently 
normal.  A  specimen of urine obtained from the bladder contained considerable 
yellowish white stringy material.  Examination showed the following: Reaction, 
alkaline; specific gravity, 1.015; albumen, present (Esbach's, 0.4 per cent); sugar, 
not present.  Leucocytes and bacilli in enormous numbers were present in  the 
sediment. 
Inoculations into various media were made from the heart blood, spleen, and 
kidneys.  The tubes inoculated with heart blood remained sterile.  Bits of both 
kidneys  implanted  in  the  condensation  water  of blood  and  plain  agar  slants 
developed  characteristic  diphtheroids  both  in  pure  culture  and  mixed  with 
streptococci.  In all  instances  the diphtheroids  were present  in large numbers. 
One tube inoculated with a  fragment of spleen developed the same organism in 
pure  culture.  Films  and  fresh  preparations  from  the  urine  and  the  exudate 
from the pelvis of  the  kidney  revealed, on microscopic  examination,  the  diph- 
theroids in large masses. 
Fixed and stained sections from the spleen and uterus revealed no abnormalities 
on microscopic examination.  Many of the liver cells  were granular; some were 
infiltrated  with  fat.  The  sections  from  the  kidneys  presented  severe  lesions. 
The cortex had been invaded by densely packed masses of round cells.  In places 
considerable  of  the  cortical  structure  had  been  practically  obliterated  by  the 
infiltrative  process.  Leucocytes  in  dense  masses  were  frequently  observed 
throughout  the  cortex.  Deep  within  the  cortex  connective tissue  hyperplasia 
had occurred.  Leucocytes in large numbers had invaded the connective tissue. 
The  adjacent  tubules  were  compressed and  their  epithelium  degenerated.  In 
certain  portions  of  the  medulla  considerable  interstitial  hyperplasia  existed. 
The collecting tubules were compressed and frequently filled with epithelial casts. 
In other portions the process was more acute.  The blood vessels were engorged 
and  the tubular epithelium  degenerated.  Often the tubules were plugged with 
polymorphonuclear leucocytes and fibrin.  The interstitial tissue was edematous. 
Much of the mucosa of the  ureters  was  necrotic or degenerated.  The  free 
surface frequently consisted of a mass of granular exudate containing leucocytes, 
red  cells,  and  necrotic epithelium.  In portions  where  the  process  was  not  as 
advanced many of the epithelial cells  were degenerated  and leucocytes in large 
numbers had invaded the mucous layer.  The submucous connective tissue was 596  CYSTITIS  AND  PYELONEPHRITIS 
edematous  and  the  capillaries engorged  with  red  cells.  The  edema  extended 
into the muscular layers. 
No.  1138.--Purchased  in  the Middle West Aug.  7,  1922.  Sept. 29.  Calved 
normally.  Jan. 29, 1924.  Bred.  Aborted Sept. 23.  Died Nov. 9.  On Nov. 10, 
both kidneys, the bladder, and the uterus were submitted for examination.  There 
was considerable decomposition. 
The right kidney was enlarged.  It measured 25  ×  15  ×  5  cm.  The  color 
was yellowish gray.  The consistence varied; in places it was firm, in others soft- 
ened.  On the whole both the cortex and medulla appeared narrower than normal. 
The line of demarcation between the cortex and medulla was indistinct.  The more 
superficial portions of the medulla were bright red.  Deeper the medullary struc- 
tures appeared necrotic.  The pelvis was greatly dilated and partially filled with 
necrotic material, and blood-stained urine. 
The left kidney was also enlarged.  It measured 23  ×  13  X  6 cm.  The color 
was yellowish red.  The consistency was tough.  On section the color varied from 
yellowish pink  in  the  cortex to deep  red  in  the  medulla.  The  papillae were 
necrotic.  The  pelvis was dilated and  filled with blood-stained urine  and  foul 
smelling exudate. 
Only small portions of the ureters were obtained.  They were greatly dilated. 
The  walls were  appreciably thickened.  Granular  tufts  were  adherent  to  the 
mucous membrane.  The  tubes were partially occluded with yellow exudate. 
The bladder was contracted.  It contained 300 cc. of red-stained urine.  The 
mucous surface was reddened and swollen; patches of grayish white exudate ad- 
hered to the mucosa.  The urine obtained from the bladder was turbid and of a 
deep red color.  The specific gravity was 1.020.  The reactions for albumen were 
strong  (Esbach's,  1.5  per  cent).  The  urinary  sediment  contained  red  cells, 
leucocytes, cocci, and diphtheroids in large numbers. 
There was marked decomposition of the uterus.  The walls were moderately 
thickened.  The mucosa was necrotic and covered with a  foul smelling, greenish 
white exudate. 
Cultures taken from the kidney cortex showed only the presence of anaerobic 
putrefactive types.  Those from the kidney pelvis and urine developed cocci in 
small numbers and diphtheroids in enormous numbers.  The uterus contained an 
enormous number of bacteria.  B. pyogenes predominated but diphtheroids similar 
to those found in the urine and kidneys were also found in limited numbers. 
Inasmuch as the material was not fixed in Zenker's until decomposition had 
taken place the sections were not particularly illuminating.  The kidney cortex 
contained  well  defined  wedge-shaped  areas  infiltrated  with  round  cells.  The 
glomerular epithelium was degenerated and congested.  The tubular epithelium 
in certain portions appeared as granular, pink-staining cells without nuclei.  On 
the whole the connective tissue proliferation was more marked in the medulla. 
Pressure changes were marked.  The epithelium lining the bladder and ureters 
consisted of a narrow band of degenerated ceils.  The connective tissue beneath 
was edematous.  It had proliferated.  Leucocytes and round cells had invaded ~F.  S.  JONES  AND  RALPH  B.  LITTLE  597 
the  submucous  structures.  Edema  extended  throughout  the  muscular  coats. 
Much of the epithelium of the uterus was necrotic.  Leucocytes and round cells 
were present in large numbers in the submucous structures. 
The following cases are more fully illustrative of the condition, since 
it was possible to diagnose them during life and to verify  our  clinical 
findings at autopsy. 
No. 1143.--This cow was purchased in the Middle West in December,  1921; 
bred in November, 1923, and gave birth to a normal calf Aug. 28, 1924.  On Nov. 
11, about 500 cc. of turbid urine was passed.  The later portion of the urine was 
dark red in color.  After considerable straining 10 or 15 cc. of bright blood was 
evacuated.  The  blood was  not  included in  the  sample  collected.  The  urine 
was alkaline; specific gravity 1.037;  responded strongly to HNO3,  and gave an 
Esbach reading of 0.25 per cent.  There was considerable sediment.  It consisted 
of red cells, leucocytes, and masses of diphtheroid bacilli.  Plates prepared from 
the sediment developed the diphtheroids in overwhelming proportions.  On Nov. 
12 a  blood culture was made.  It remained sterile.  A  physical examination on 
that day revealed little of note.  The temperature was 38.8°C.; pulse 66; respira- 
tion 20.  No abnormalities were noted in the heart action.  The lungs appeared 
normal.  The  digestive  system  appeared  to  be  functioning  properly.  Rectal 
examination failed to  reveal  enlargement  of  the  kidneys.  The  cow  was  an 
extremely high type of dairy animal, the milk secretion averaging about 20 quarts 
daily.  The urine was again examined on Nov.  21.  The findings were similar 
to those recorded except that more albumen was present.  On Nov. 26 the cow 
was slaughtered at an abattoir. 
The lesions were confined to the urinary tract.  The kidneys appeared normal. 
The capsule was not adherent.  There were no accumulations of urine or other 
material in the pelvis.  The ureters traced from the kidneys to the bladder failed 
to reveal abnormalities.  The bladder appeared as a  shrunken,  wrinkled, thick 
walled sac containing only 25  to 30 cc. of blood-stained urine.  It measured 12 
cm. long by 10.5 cm. wide.  The serous surface was congested.  The walls were 
1.5 cm. thick.  The mucosa was swollen.  It varied in color from bright yellow 
to scarlet.  Scattered over the ventral surface in the region of the urethra were 
a  few  tiny,  raised,  grayish  white  patches  of  exudate.  Blood  clots  partially 
adherent  to  the  mucosa  were  also  observed.  The  urethral  mucosa  appeared 
normal.  The genital tract appeared normal. 
The tubes inoculated with bits of kidney cortex and medulla remained sterile. 
The urine in the bladder when plated contained only diphtheroids.  From both 
horns of the uterus diphtheroids were obtained in small numbers. 
Microscopic examination of fixed and stained sections from the kidneys, ureters, 
uterus, and urethra revealed little abnormal.  The lesions in sections from various 
portions of  the  bladder varied  considerably.  Certain  areas  showed  relatively 
little degeneration of the epithelium.  The nuclei of occasional cells were pycnotic. 598  CYSTITIS  AND  PYELON'EPHRITIS 
Leucocytes and round cells had made their way into the mucous coat in small 
numbers.  The  submucous  coats were edematous and  the capillaries engorged. 
In other portions the mucous membrane was more severely affected.  The cells 
were degenerated or necrotic.  Masses of leucocytes were observed in the mucous 
layer.  In  circumscribed areas  remnants  of  the  epithelial cells were  still dis- 
cernible in dense masses of necrotic red cells, leucocytes, and fibrin.  The struc- 
tures beneath were also invaded by leucocytes.  Proliferation of the underlying 
connective  tissue  was  noted.  Bacilli in  great  numbers  were  observed  in  the 
necrotic material.  They were not seen in the deeper structures. 
No.  l152.--Grade  Holstein  cow,  purchased  in  April,  1923.  Two  normal 
parturitions, one in June, 1923, and the other in June, 1924. 
Jan. 6, 1925.  900 cc. of turbid, deep red urine obtained.  Alkaline in reaction; 
specific gravity 1.025.  Tests for albumen were positive (Esbach's, 0.5 per cent). 
Sugar was not present.  On centrifugation, considerable sediment was observed. 
It was composed of red cells, leucocytes, masses of diphtheroids, and a few cocci. 
Plate cultures prepared from the sediment developed over 95 per cent colonies of 
diphtheroids. 
Jan. 12.  Blood culture negative. 
The animal was killed on Jan.  16.  The lesions were confined to the urinary 
tract.  The  right kidney appeared normal except  that  one lobule was  grayish 
white in color and tougher than the others.  On section the gray color extended 
through  the  cortex and  into  the medulla in  the  form  of fine interlacing lines. 
One lobe of the left kidney protruded sharply above the others.  On palpation it 
fluctuated.  It was composed of a thin wall of cortical tissue, 2 to 3 mm. in thick- 
ness,  which  enclosed  clear  urine.  Both  ureters  failed  to  show  gross  changes 
throughout their entire length.  The bladder was contracted (Fig. 1).  The walls 
were thick.  The mucous membrane was swollen and varied from pink to dark 
red in color, that of the ventral portion was deeply reddened.  Patches of variable 
size of dirty grayish white  exudate  covered  this portion of the  mucosa.  The 
exudate when  pulled  from  the  mucosa  left a  raw,  reddish gray surface.  The 
mucosa in the more dorsal portions was thrown up into livid, deep or bright red, 
glistening folds.  The urethra presented no abnormalities.  The normal uterus 
contained a  fetus. 
Stained  sections of  the  kidneys on  microscopic examination failed to  show 
abnormalities except for a  few small accumulations of round cells.  The ureters 
were  normal.  The  bladder  epithelium  (Fig.  3)  was  necrotic  throughout  two 
sections.  Much of it had disappeared.  Small portions were still visible as thin 
bands of necrotic cells loosely adherent to the underlying structures.  The sub- 
mucous connective tissue was infiltrated with a  serous exudate.  The connective 
tissue filaments were forced far apart; their nuclei appeared as tiny round cells 
situated at wide intervals.  The capillaries were packed with red cells.  Hemor- 
rhages extending from the capillaries to the bladder surface were not uncommon. 
In several instances red cells were being discharged into the bladder space.  The 
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round cells.  The round cell infiltration extended into the muscular structures. 
The uterus was normal. 
Cultures from the cortex of the left kidney remained sterile.  Those from the 
urine within the cyst developed cocci and diphtheroids. 
No. 1153.--A grade Holstein cow, purchased Aug. 25, 1924.  Calved normally 
Sept. 5.  On Jan. 8,  1925, it was noted that the cow passed turbid urine and at 
the  dose  of  urination  bright  blood.  A  little  material obtained  by  swabbing 
the mucosa about the urethral opening revealed on examination the characteristic 
baciUi.  On Jan. 9, 200  cc. of dark red turbid urine containing blood dots was 
procured.  The  reaction was alkaline; specific gravity 1.028;  albumen  reaction 
strong,  1.0  per cent;  tests for sugar were negative.  After centrifugation there 
was considerable sediment consisting of red ceils, blood dots, leucocytes, epithelial 
cells, and  diphtheroids in  enormous  numbers.  Plate  cultures  devdoped  diph- 
theroids in practically pure culture.  On Jan. 12, blood was obtained for culture. 
It remained sterile. 
On Jan. 16, the cow was slaughtered.  The left kidney presented no abnormal- 
ities.  One  lobe of the right kidney was sharply protruded.  It was a  mottled 
reddish gray in color, tough in consistency.  A  calculus was found occluding a 
large tubule at the tip of a papilla.  The pelvic space was increased in  size and 
contained a little yellow exudate.  The right ureter appeared normal; the diameter 
of the left was increased.  The bladder (Fig. 2) was contracted and contained 500 
cc. of turbid urine.  The bladder waUs appeared thick.  The mucous membrane 
was  swollen and varied in  color from yellow to deep red.  Patches  of grayish 
white exudate were adherent  to  the mucosa.  They varied in size and  general 
outline.  One weU isolated round area measured 1.7 cm. in diameter.  Its borders 
were  slightly raised above  the  surrounding epithelium but  its  center  was  de- 
pressed.  In places isolated patches of exudate had become more or less confluent. 
Attempts to forcibly separate the exudate from the underlying structure  left a 
rough, reddened surface. 
Examination of the stained sections of tissues fixed in Zenker's fluid revealed 
little abnormal in the left kidney.  Sections of the mottled lobule of the right 
kidney revealed a  number of wedge-shaped areas rich in round ceUs.  The base 
of the wedge was located at the surface of the cortex and extended downward a 
variable  distance.  A  finger-like process of  connective  tissue,  which  extended 
from the capsule between two lobules, could be traced to the thick walled cyst 
which originally contained the calcareous body.  In the papillm a  considerable 
proliferation of interstitial tissue had occurred.  The left ureter failed to  show 
microscopic changes.  The right ureter was about twice as thick as the left; the 
mucous membrane was intact.  Small accumulations of round cells were noted 
just beneath  the mucosa.  The  submucosa was  edematous and  the  eapillaries 
moderately engorged.  The bladder lesions were severe.  The cells of a consider- 
able portion of the mucous membrane were degenerated or necrotic.  Consider- 
able patches of the epithelium had exfoliated so that the bladder surface appeared 
as a pink-staining, granular mass containing a few leucocytes.  Patches of fibrin- 600  CYSTITIS  AND  PYELONEPHRITIS 
ous exudate, which contained only a  few ceils, partially covered the underlying 
structure.  The vessels of the submucosa were dilated with red cells and fibrin. 
The  connective  tissue  of  the  submucosa  had  proliferated.  It  was  markedly 
edematous.  The edema extended into the muscular coats.  In many of the fixed 
and stained sections of the bladder it was difficult to find the organism.  Appar- 
ently it is not highly invasive, since it may readily be found in the urine but has 
never been encountered in the deeper structures.  In a  few instances sections of 
the  bladder  showing  the  superficial distribution  of  the  organisms  have  been 
obtained.  Figs. 4 and 5 are illustrative.  Fig. 4 reveals under a low magnification 
dense masses of bacilli lying in the exudate.  Fig. 5 is a higher magnification of 
the edge of one of the black masses.  The characteristic bacilli are plainly visible. 
The uterus was normal. 
Cultures from the cortex of the left kidney and uterus remained sterile. 
No. 1154.--A grade Guernsey purchased in the Middle West in 1922;  passed 
through  a  normal  parturition  in  August,  1923,  and  in  August,  1924.  Early 
in November,  1924,  gastrointestinal disturbances were noted.  On Nov.  10,  the 
cow attracted attention because of its general poor condition.  Urine was first 
obtained on Nov. 11.  It failed to react to tests for albumen.  On Dec. 3,250 cc. 
of turbid urine was obtained.  Its reaction was alkaline; specific gravity 1.037; 
albumen strong, 1.4 per cent.  There were leucocytes, red cells, and diphtheroids 
in  enormous  numbers  in  the  sediment  (Fig.  6).  The  bacilli were  readily cul- 
tivated.  On Dec.  27, a  blood culture was negative.  Examination of the urine 
on three other occasions gave about the same results.  On Jan. 16, 1925, the cove 
was slaughtered. 
The right kidney and ureter were apparently normal.  The left kidney (Fig. 7) 
was  mottled  grayish  pink.  Certain  lobules  were  entirely  gray,  while  others 
contained more or less distinct, irregular gray patches.  The gray color in certain 
lobules extended throughout the cortex and into the medulla.  The line of demar- 
cation between the cortex and medulla was indistinct.  In two lobules the cortex 
and medulla were involved to about the same extent.  The kidney was tough. 
The pelvic space was diminished and infiltrated with connective tissue.  The walls 
of the large collecting tubules were greatly thickened.  The mucosa of the ureter 
appeared normal but the walls were thickened.  The bladder was contracted and 
contained only a  little blood-tinged urine and several blood clots.  The bladder 
walls were thickened.  The  swollen mucous membrane  was bright red in color 
and covered with non-adherent purulent mucus. 
The stained sections of the right kidney revealed little abnormal except peri- 
glomerular and interstitial accumulations of round cells.  Those of the right ureter 
appeared normal.  The lesions in the left kidney (Fig. 8) were pronounced.  The 
capsule was thickened and infiltrated with round cells.  In places much  of the 
normal  cortical  structure  had  disappeared.  Occasionally  it  was  possible  to 
recognize the remains of a glomerulus or a  tubule.  In the main the process con- 
sisted of a connective tissue proliferation rich in both small and large round cells. 
A few of the remaining tubules were filled with leucocytes.  The process was less F.  S. JONES AND  RALPH B.  LITTLE  601 
marked in the medulla, but here there existed irregular accumulations of round 
cells in areas of proliferating connective tissue.  The epithelium of many of the 
collecting tubules was degenerated and the lumen filled with polymorphonuclear 
leucocytes.  Deep within the medulla the number of tubules was decreased, and 
the intertubular connective tissue had proliferated and produced marked pressure 
changes.  The walls of the left ureter were thickened, due to edema of the sub- 
mucous connective tissue.  Round cell accumulations were noted in the submu- 
cosa.  The mucous membrane was intact.  The bladder mucosa was more or less 
degenerated.  In  places  all  that  remained  were  a  few  necrotic epithelial cells 
sparsely sprinkled over  the  submucous  structures.  There  was  marked  edema 
of  the  submucous  connective  tissue.  The  capillaries were  greatly dilated and 
filled with red cells.  Accumulations of round cells were frequent throughout this 
area.  The edema extended into the muscular coats.  The mucosa of the urethra 
was intact but great masses of round cells were present beneath the mucous mem- 
brane.  Microscopic lesions were not encountered in the sections of the uterus. 
Bits of the cortex from both kidneys when  implanted into  the condensation 
water of plain agar and  blood agar slants remained sterile.  Media inoculated 
from the uterus remained sterile. 
No. 1174.--0n Jan. 7,  1925,  the urine failed to react to tests for albumen and 
diphtheroids could not be detected in the sediment.  On Jan. 23, about 30 cc. of 
bright blood was  passed.  This  when  cultured revealed enormous  numbers  of 
diphtheroids.  On  Jan.  28,  turbid,  blood-stained urine  was  obtained.  It  re- 
sponded to the albumen tests, 0.5 per cent by Esbach's method.  Examination 
of the sediment revealed fibrin, red cells, leucocytes, and  diphtheroids.  Urine 
voided on Jan. 29 was similar in character.  Its specific gravity was 1.036.  From 
this time until Feb. 10 the urine was examined at" daily intervals.  Blood and the 
bacilli were always present in the sediment.  • On Feb. 18 the cow was killed. 
The right kidney and ureter failed to show abnormalities.  In the left kidney 
one of the large collecting tubules was dilated.  It had the appearance of a  thick 
walled cyst filled with clear urine.  The left ureter was apparently uninvolved. 
The bladder was contracted.  The mucous membrane was swollen, bright red 
in color, and thrown up into broad folds.  Several small irregular blood clots were 
adherent to the mucosa.  In other places the membrane was covered with a thick, 
non-adherent  layer  of  mucopurulent  exudate.  The  urethra  was  apparently 
normal.  The vagina and uterus presented no gross changes. 
Summary of Clinical and Pathological Findings. 
From the protocols submitted it will be noted that the cows presented 
no  marked  symptoms.  The  temperature  was  always within  normal 
limits.  Some of the cows were thin but others were in good flesh.  A 
considerable  number  were  admirable  dairy  types  and  continued  to 
produce a  large quantity  of milk until slaughtered. 602  CYSTITIS  ARiD  PYELONEPHRITIS 
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The most noticeable symptom is the condition of the urine.  Atten- 
tion is frequently drawn to the frequency with which urine is voided. 
As a  rule in the early cases the urine is turbid and the sediment on 
microscopic examination reveals red cells and leucocytes.  Later it is 
blood-stained and frequently contains blood clots.  Usually the cows 
strain considerably after urination and are apt to pass bright red blood 
in small quantities. 
The lesions may be confined to the bladder, or, in addition, one or 
both kidneys may be involved.  Thickening of the ureter leading from 
the  affected kidney  may  be  pronounced.  The  bladder  is  usually 
contracted.  The walls are from 1 to 3 cm. thick.  The mucous mem- 
brane  is  edematous and  thrown into  broad  folds.  Its  color varies 
from pink to scarlet.  In certain cases the mucous layer is covered or 
replaced by a grayish white, adherent exudate.  The affected kidney 
is  enlarged and often firm..  It  is  mottled  from gray to  red.  The 
pelvic space may be contracted and filled with a thick yellow mass of 
exudate.  The  walls  of  the  larger  collecting  tubules  are  greatly 
thickened. 
The bacilli are always present in the urinary sediment in large num- 
bers.  Suitable preparations  from the pelvis  of an involved kidney 
reveal them in equally large numbers. 
We have been able to autopsy 13 cases in all.  A  brief outline of 
our findings is appended in the table. 
It will be noted from the table that our cases may be divided into 
several groups.  The first comprises Nos.  1132,  1138,  1154,  and 1194, 
cows with  one or  both  kidneys  severely involved.  All revealed a 
thickening of the walls of one or both ureters.  Nos. 1151,  1152,  and 
1172 all suffered from severe bladder involvement; the kidney lesion 
was confined to fibrosis of one or more lobules.  Whether the fibrosis 
results from infection with the diphtheroids is not known.  It is of 
interest to note that similar lesions have been encountered by Theo- 
bald Smith  s in young calves following interference with the normal 
intake  of  colostrum.  It  is  possible  that  this  lesion  had  persisted 
since early life.  The ureters failed to show abnormalities.  Cystitis 
was pronounced in  Nos.  1153 and  1193,  and in both instances the 
l Smith, T., J. Exp. Med., 1925, xli, 413. 604  CYSTITIS  AND  PYELONEPttRITIS 
ureters  were  thickened.  The lesions  were  confined  to the bladder  in 
Nos.  1143,  1173,  and 1174. 
In  two  instances  recovery  has  been  observed.  A  single  case  will 
be cited. 
Cow 1203 was known to be infected in November, 1923.  A urine examination 
in January,  1925, confirmed our diagnosis.  The animal was slaughtered because 
of an udder injury in May, 1925.  The bladder although contracted presented no 
abnormality except a considerable increase of submucous connective tissue.  The 
urine was clear and failed to react to tests for albumen.  The bacilli could not be 
cultivated  from  the  sediment. 
DISCUSSION. 
Among  earlier  writers  considerable  discussion  has  arisen  as  to 
whether  the  infection  is  an  ascending  one  or  whether  the  organism 
gains entrance  to the kidney from elsewhere within  the body. 
Certain experimental findings have led several, among them Kitt 9 and Ender- 
len, * to conclude that  the disease is a  hematogenous infection.  Kitt based his 
assumption that the kidney infection originated by way of the blood stream on the 
distribution of a miliary type of lesion in both kidneys.  He was further impressed 
by an experiment performed by Enderlen who injected the bacilli into the bladders 
of rabbits and guinea pigs and failed to note cystitis or nephritis.  Intravenous 
injection of culture into normal rabbits also failed to produce lesions.  If, how- 
ever, a ureter was ligated and the organisms injected into the blood stream, disease 
resulted  in  the  kidney.  Ernst 4 also  regards  the  disease  as  of  hematogenous 
origin.  His  material  was  drawn  largely  from  the  abattoirs.  In  only  a  few 
instances were the bladders examined.  Of 24 cases examined by him he obtained 
the tubercle bacillus from 2, B. coli from 8, B. pyogenes from 12, and diphtheroids 
from 11.  From his study he concluded that pyelonephritis in cattle is largely a 
hematogenous infection, although in certain cases in which the bladder was first 
involved the process was regarded as an ascending one.  He further pointed out 
that in vaginitis and metritis following parturition  the septic material may gain 
access to the blood stream and produce a focus within the kidney.  The hematog- 
enous origin has been questioned by many, among them  GuiUebeau  and  Hess  I° 
and Ritzenthaler. n  Ritzenthaler,  in an analysis of his series of cases,  suggested 
that the organisms gained access to the bladder by way of the urethra and from 
there by the process of growth up the ureters,  and  finally involved the kidneys. 
9 Kitt, Th., Path. Anat. Haustlere,  1901, ii, 471. 
10 Guillebeau and Hess, cited by Ritzenthaler. 
It Ritzenthaler, M., J. Comp. Path. and Therap.,  1910, xxiii, 33. 1  ~.  S.  JONES  AND  RALPH  B.  LITTLE  605 
In the main it seems to us that the several workers have discussed 
different  types of infection  and  as  consequence  a  generalization  or 
conclusion to cover essentially different processes has resulted.  It is 
also true that in many instances the bladders have not been obtained 
or  that  bladder  lesions have been overlooked.  In  kidney  disease 
resulting  shortly after parturition,  particularly  in  cases where  there 
has been metritis,  the organisms may have gained access  to  the  kid- 
ney from the blood stream.  The lesion would be largely of the cortex 
and purulent  in character.  The  organism  usually present in bovine 
metritis, Bacillus pyogenes, would be encountered in the kidney.  The 
bladder lesion  would be secondary.  By contrast, the  disease which 
we  have  described is  relatively  specific.  We  have  shown  that  the 
kidneys  were involved only in  certain  cases.  In  a  limited  number 
both kidneys were involved, but we have observed involvement in a 
single kidney in two instances.  Evidence exists in certain cases that 
the pelvis is the first portion of the kidney invaded by the organisms. 
Here they are found in large numbers,  whereas visibly involved por- 
tions of the  cortex are often sterile when cultured.  Involvement of 
the kidney was always associated with a thickening of the correspond- 
ing ureter.  In one instance the walls of both ureters were appreciably 
thickened but the kidneys failed to show lesions.  The bladder changes 
are most characteristic of the disease and occur in all cases.  We infer 
from this evidence that the disease is an ascending infection, the organ- 
isms galn~ng entrance to the bladder and by a process of growth finally 
reaching  the pelvis of the kidney.  The organism  is not one usually 
associated with vaginal or uterine infections.  In fact, in only a single 
case did we find uterine lesions.  Of the 20 cows from which it was 
possible to obtain a record, 14 calved normally and 6 aborted. 
It was hoped that by means of some biological tests we would be 
enabled to recognize infections relatively early.  With this in view a 
number  of  experiments  were  undertaken.  Though  only  negative 
results were obtained, mention of some of the  more  important  ones 
seems  advisable.  We  attempted  to  ascertain  whether  agglutinins 
for the diphtheroid organism were present in greater concentration in 
the blood of infected animals than in those known to be free from the 
disease.  The titers were about the same in both groups.  Introduc- 
tion of filtered culture fluid into and beneath the skin and on the cor- 606  CYSTITIS  AND  PYELONEPIIRITIS 
nea  failed  to  result  in  recognizable reactions.  At this  time we feel 
justified in asserting that the only specific diagnosis available consists 
in the microscopic examination of urinary sediment for the characteris- 
tic bacilli. 
As already stated several have commented on the appearance of the 
disease after parturition.  Of 19 cases in which statistics were avail- 
able, 7 were recognized during the first 3 months following parturition, 
8 occurred from the 4th to the 6th month thereafter, and 4 from the 7th 
to the  14th month.  It is evident that the disease may occur at any 
time following parturition.  However, statistics of such a  nature are 
liable to mislead since the disease is of long standing  in many cases 
and  may  not  be  recognized  until  the  processes  are  well  advanced. 
On the whole the evidence points to specific infection of the urinary 
tract independent,  in the main,  of other abnormalities  of the genital 
tract.  This view is strengthened  by many bacteriological examina- 
tions of the exudates from uterine infections, vaginal secretions,  etc. 
Occasionally diphtheroids  of similar character may be met with, but 
usually only in small numbers. 
It  is  obvious  that  the  specific  cystitis  and  pyelonephritis  here 
described may be  of considerable  economic importance.  It  is  well 
recognized as the cause of considerable losses among cows in Europe. 
Such an infection can become well established within a herd before its 
presence is known.  Although the protocols would appear to show that 
the actual loss is small it must be borne in mind that many of our cases 
were slaughtered  relatively early in  the  course of the  disease.  The 
record  of  the  small  herd  within  which  clinical  cases  were  retained 
shows the existence of a  considerable mortality. 
SUMMARY. 
A specific infection of the urinary tract associated with a diphtheroid 
has  been  encountered  in  cows  from  three  dairy  herds.  The  most 
characteristic  symptom  is  the  frequent  passage  of turbid  or blood- 
stained urine.  The  bladder was always found to be involved.  The 
bladder  walls  were  thickened,  the  mucosa  swollen  and  reddened. 
Patches of eXudate adherent  to the bladder mucosa were frequently 
observed.  In  certain  instances  one or both ureters  were thickened. 
In other cases one or both kidneys were involved.  The kidney proc- F.  S.  JONES AND  RALPH B.  LITTLE  607 
ess  seemed  to  originate  in the pelvis and extend toward the medulla 
and  cortex.  The  characteristic  bacilli  were  always  found  in  large 
numbers in the urinary sediment and the pelves of involved kidneys. 
EXPLANATION OF PLATES. 
PLATS 26. 
FIG.  1.  Bladder  of  Cow  1152.  About  ]  actual  size.  The  swollen mucous 
membrane is congested and thrown up into broad folds.  Patches of exudate cover 
portions of the mucosa. 
FIG. 2.  Bladder  of  Cow  1153.  About  ]  actual  size.  The  mucosa  appears 
swollen and congested.  Several well defined raised patches of exudate  are scat- 
tered over the mucosa. 
FIG. 3.  Section  of the bladder  of Cow 1152.  A portion of loosely  adherent 
necrotic  epithelium  still  remains.  Two well defined hemorrhages  are visible  in 
the submucosa.  The disappearance of the mucous membrane permits the passage 
of red cells into the urine.  Engorgement of the capillaries and edema of the sub- 
mucous  connective  tissue  are  pronounced.  Stain,  eosin  and  methylene  blue. 
X 86. 
PLATE 27. 
FIG. 4.  Section  of bladder  of Cow  1153.  Thesection  was  stained  by the 
Gram method and  counterstained  with  carmine.  The  black masses  beneath 
the necrotic exudate are masses  of bacilli.  ×  86. 
FIG. 5.  A higher magnification from the edge of one of the black masses in Fig. 
4.  Relatively few of the diphtheroids  are in focus owing to the thickness  and 
density of the mass.  X 810. 
FIG. 6.  Film  from  the urinary sediment  of Cow 1154.  Bacilli  are present  in 
considerable numbers.  Methylene blue.  ×  810. 
PLATE 28. 
FIG. 7.  The left kidney of Cow 1154.  Most of the cortex appears gray, owing 
to connective tissue proliferation  and round cell infiltration.  Note the thickening 
of  the  large  tubules  and  the  infiltration  of  the  pelvis  with  connective  tissue. 
About ~ actual size. 
FIG. 8.  Section of the cortex of the  left kidney of Cow 1154 stained  with eosin 
and methylene  blue.  A portion of the  original  structures  has  been obliterated 
by connective  tissue proliferation and accumulations of round cells.  Well defined 
periglomerular  and  peritubular  accumulations  of  round  cells are  illustrated. 
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